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ABSTRACT

The interpretation of hlood splatter patterns is an important element in
reconstructing the events and circuimstances of an accident or crime scene.
Untortunately, the interpretation of patterns and stains forimed by blood droplets is not
necessarily intuitive and study and analysis are required 1o arrive at a correct
conclusion, A very useful .ool in the study of blood splatter patterns is high-speoed
photography. Scientists at the Los Alamos National Laboratory, Departinent of Energy
(DOE), aind Bureau of Forensic Services, State of California, have assembied a high-
speed imaging system designoed to image blood splatter patterns.  The camera employs
technology developaed by Los Alamos for the undorground nuclear testing program and has
also been used in a military mine dotection program. The camera uses a solid-state CGD
sensor operating at approximately 650 frames per second (75 MPixels per soconed)
with o microchannol plate image intensifier that can provide shuttering as short as o ns,
The images are captured with a laboratory high-speed digitizer and transterred 1o an
IBM compitible PC for display and hard copy outpiit for analy:as. The imaging system s
describad in this paper.

INTRODUCTION

The interpretation of blood splattor patterns is an important element that s used
by torensic seientists in deducing events at accrime scene, However, the shape of liguid
dropes and the formation of splatter patterns often do not follow intuition; this s
especially truein the ease of blood (Rets, 1 and 2). Patterns formed by blood droplets
can be countorintuitive i dotailed study is iequired to avoid erroneous interpretadions
of such patterns (Hetso 3 and 4). Employing imaging technology deveioped for the
underground nuelear testng program, s high-speed electtonie imaging system usmg o
solid state olechone ciunetit has beon assemblod by scienlists al the Los Alamaos
Nitional Laboratory, Department of Energy, and at the Burean of Forensie Sevieees,
Shile of Caldomie The maging systom is heing uzed tor recordhing mages of the
lotmation oi blood splitter patteins Hat can be usold by Torensie scientists e the
mtotpretotion of such palterm:s:, The pnage can also beoosed for dliestrating and
scplinting the tormation and oterpret.dicn of Hiood aptafter pattern:s durnmg e
procecdimeg:s,



IMAGING SYSTEM

A block diagiam of the imaging systemn is shown in Figure 1. The system consists
of a high-speed electronic CCD camera with intensifier, a high-speed frame grabbing
subsystem, and the drop release mechanism with impact area. The drop rolease
mechanism is an adaptation of a mouse trap and dropper o propel drops horizontally and
strike appropriate targets. The volume of the drop is controlled by the amount of liquid
loaded into the dropper. The spring-loaded arm can he set initially at various locations
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Fig 1. Block diagram of high-speed imaging system, The camerais
triggered by the drop reloase mechanism and images at the rate of
approximately 700 frames per second or 70 Mpixels per second,

along the path of travel and released. When released, the arm stnkes the bulhy of the
dropper and propels the diop of hquid into the tget areac An electtical contact on the
mechamsm provides a tngger pulse to the camera when the diopper bulby s steack and
starts the operation of the camera at arate of approximately 650 frames per second.
Tho inmensifier allows o shutter speed of as short as approximately b ons. The shutter
specd is more than adeqguate to etfectively eliminate smoarin the mage. A high speed
fiune grabber consisting o o LeCroy dmitizer and memory modutes 1 used o capture
and store the images. The image data are ranstoned o an IBM compatibie PG whoere the
image cimn boe displayed ona monitor or whore achard copy can bo obtained,

HIGH-SPEED CAMERA AND INTENSIFIER

The hoart of the amaging system s the lnghe specedl camericand aintonsibet. The
careta, desunaded the GYG, 1 an outgrowthy of sl cameta developed by Los
Alatno:n for the nueloar undorground testng prograny, The camera uses o L onal
I onrchild charge conplod deviee (CGDY, designated the GEDS e wineh wies desiigned fon
standird teloviesion appheations. the pixel anay sze of o field frome the nnager s
DA - BHO O Although the D22 was designed for stindaed television oporadion o



prxel rates of approximately 8 MHz, we have found that the 222 can be operated al pixel
readout rites as high as approximately 76 MHZz which gives o fiaune ate ol over G0
frames per second. The (Y6 has been designed to operate i either e standard
lelovision video RS-170 mode er at the higher clock rates. A photograph of o GY camera
and intensificr 1s shown in Fujure 2.
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Fag . Photograph ol GY senes camera used an the biggh-spoed imaging system This
caneta senen wits dessgned for the nueloar undetgronned teshing progeaam e has also
boeen cmployed moacmilitiary imine detection project,

FRAME GHABBER

Commereial ftane grabber subsystemes that can operate ol the GY L pixel pates of
7% Mpixels por socond sue not avatlable Theretore, we have employed o high sgpaeed
Laboratory digiizer and memory anits to caplure the gnage datan from the GY G aned
et ace o an 1IBM compatibsle PG tor disiplay and hard copy output, The digiizes e o
L eGrog model THRRER tanesent rocorder, and the modole:s are oo TeCany MM®In WA
memoty moduios i CAMAC conhgueahon, The tancaent tecordor and memory modalbes.
ate sandard CAMAG miodules, . A DSE Technology Model 6002 o combumed CAMAC Erabe
controller and Dataway Diplay Modale that e v tooeaneden the datac to the e A
Univizaon Technologue:s, Ine UDG 2G00 Deplay Controller aecopta the dabacamd deplay-
o the PG montor The FeCroy tansient wecorder ane: memory anociles can opetate g
10 100 Meaaplen por second To achiove <ynclitonone, operation of the cameta and
tecordor, the clock agnal Trom the GY b ameta e need o the et imeboeae ton thie
tevcordes and memoty  The P oesed i the sy dem e Compaeg Portable S8e 0o The



tramues captured hy the [rame grabber can be relonnatted into a stundard television
forimat, such as RS-170, for playback on i VCR tape recorder, if desired.

DROP RELEASE MECHANISM

A diagraun of the drop release mechanism is shown i Figure 3. The mechanism,
which is a simple adaptation of a mouse trap, consists of a spring-loaded arm that
impacts the rubber bulb of a dropper and propels a drop of bloud onto a target. The
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Fig 3. Sketch of drop release mechanisim showing spring-loaded arnm,
position of dropper, and contaet for providing a trigger pulse to ihe
camera. When the ann strikes: the dropper bulb, the drop of liquid in the
dropper tube is expelled into the target area where it can be imaged as it
strikes a targel

volumae of the drop is determined at the initial loading of the dropper and the veloeity is
determined by the force of the anm striking the rubbor bulh, which is controlled by the
distance the ann is nulled back aganst the torce of the spring. A moetal contact is
instillod near the end ol travel of the arm that provides a trigger to the camaera when the
moetal arm touches the contact and closes an electrical eireuit.

DESCRIPTION OF OPERATION

The opetation of the system begings whoen, having loaded the diopjpes with the
dosied volumae ot blood, the sprng-loaded cam s pulled back the approprste distimee to
achieve the desied veloeity of the drop and released. The aem strikes the hulb of the
thopper and propels the drop ainto the taget aeeas At the same ime the anm touches the
eloctneal contact that tiggers operation of the camera. The camoera supphos a frame
syne pulse 1o the intensiher shutter pulser through o tinineg delay, The timing delay s
adjuntod such that the shatter pudse, which can range rom 5B ns Lo micioseconds, ocenrs
dunng the fust of the camera frame weadout. The fiamao readout roquires approximately
Lh mss A ame teadout consists fest ol bansternng the charge from all pixel sites an
the CCD ot vertieal mtodme registers thit e located sadpaeent to the pixael stes on the
GO The changes oo then taestonod to a honzontal teagester whoro they e
seduentidly clocked ont ot the GEDY al the paxael clock e of 26 Mpixels per second
Mmrough the cameta electiome:s The dividual paxed sagnals ane converterd 1o an anale
stigrak tor eoch e of the vidoo moage. Thiss analdog signal e convertod 1o digital fonm oy
the high spead TeCGray dgtzer and stored anc the memory modules omy which the nimage
ditovcan he trangiterred to the PG for displiy and hordeopy outpat,



When the charge in the pixel sites is translerred to the interline registers the
pixel sites are ready to integrate the light from the image for the next frame of data.
Thus, the shutter pulse to the intensifier is timed lo arrive at the first of a frame
transfer to allow the image to form on the ntensifier output phosphor and then to decay
away before the next frame transfer occurs. The light oulput of the intensifier phosphor
decays to almost zero within a few tens of microseconds; howaver, a long tail of fow-
level light can last up to a millisecond. It is, thetelore, important for the shutter to
oceur at the beginning of the frame transfer to allow the iinage on the intensifier of one
frame to decay as much as possible before the next frame is laken.

To study splatter formation, it is necessary 1o take a number of images of a single
drop during its flight and the nuimber of images that can be taken depends upon the drop
velocity. Table 1 gives the distance between images of a drop and the number of imagaes of
@ drop i a 10-cm distance at various velocities. Good time resolution is achieved up o
velocities of 4 to 5 meters per second, and the tlirme resolution appears to be adequate up
to velocities as high as 14 1o 15 meters per second if details of the breakup of the drop
during impact are not required,

Table 1

Indication of Time Resolutlion at Various Drop Velocities
for a650 Frame per Second Rate

Velocity Distance Between Number Images
{m/s) Frames (m m) in 10 cm
| 1.0 65
2 3 1 32
1 6.1 16
6 9.2 11
9 13.8 7
12 18.4 D
15 23.1 4

INCREASING SYSTEM FRAME RATE

A potenbal improvemaent in the imaging system is increasing the frame rate to
achivve increasod time resolution. The frame rato of the present GY6 s limited by the
clocking himitations of the GCD sensor. The olechhonies in the GYS camoera system can
support o clock rade of 100 MHz; however, the GED222 cannot operale at the 100 M,
el 1 appears that the bintation of the CED222 s the Davedwidth of the catpat
amphtiet located on the clp. With relatively itle design modication 1o anerease the
handwidth of the output amphher, the GECD22E could be operated st the 100 MEHZ pixel
vade. This would sllow o e (ate ol qust over 1000 iunes per seconds, Stk bagher
frame tatos can beachieved through sequenhal opeation of muliple pnagers. Fon
examplo, o four camera o system with cach camera opetating ol 1000 frame:s pey
second can be configured o achiceve o taune rade ol 4000 funes per secondd.



CONCLUSIONS

A high-speed imaging system has been assembled that can be used to image the
formation of blood splatter patterns. The system is based on technology developed for the
underground nuclear testing program. The present system can operate at frame rates of
650 frames per second and improvements have been identified that will achieve trame
rates of 1000 frames per second and higher. These imnprovements will be implementec
as technology advances are made and resources become available.
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